High-resolution deep imaging of live cellular spheroids with light-sheet-based fluorescence microscopy.
Conventional two-dimensional cell monolayers do not provide the geometrical, biochemical and mechanical cues found in real tissues. Cells in real tissues interact through chemical and mechanical stimuli with adjacent cells and via the extracellular matrix. Such a highly interconnected communication network extends along all three dimensions. This architecture is lost in two-dimensional cultures. Therefore, at least in many cases, two-dimensional cell monolayers do not represent a suitable in vitro tool to characterize accurately the biology of real tissues. Many studies performed over the last few years have demonstrated that the differences between three-dimensional and two-dimensional cultured cells are striking at the morphological and molecular levels and that three-dimensional cell cultures can be employed in order to shrink the gap between real tissues and in vitro cell models. End-point and long-term imaging of cellular and sub-cellular processes with fluorescence microscopy provides direct insight into the physiological behavior of three-dimensional cell cultures and their response to chemical or mechanical stimulation. Fluorescence imaging of three-dimensional cell cultures sets new challenges and imposes specific requirements concerning the choice of a suitable microscopy technique. Deep penetration into the specimen, high imaging speed and ultra-low intensity of the excitation light are key requirements. Light-sheet-based fluorescence microscopy (LSFM) offers a favorable combination of these requirements and is therefore currently established as the technique of choice for the study of three-dimensional cell cultures. This review illustrates the benefits of cellular spheroids in the life sciences and suggests that LSFM is essential for investigations of cellular and sub-cellular dynamic processes in three-dimensions over time and space.